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This Letter presents a novel and powerful method for studying guiding center (g.c.) motion within a Hamiltonian framework. Although an obvious application is the exploration of g.c. effects to higher order in the small parameter £ = gyroradius/magnetic scale length, there are important new applications to be made even at lowest order.
One may introduce perturbations and study their effects; this is a very fruitful approach because of the analytical simplification which arises in a Hamiltonian treatment. An important example of such a perturbation is a small-amplitude (parameterized by A) electromagnetic (e.m.) wave; it is this problem which we treat in the second part of this Letter.
. [1] [2] [3] [4] [5] This work differs in significant ways from previous formulations •
The most outstanding difference is that our g.c. Hamiltonian employs noncanonical variables in phase space,and cartesian, instead of fieldline, coordinates in physical space. In addition, we use the Darboux algorithm 6 to construct a semicanonieal coordinate system in order to prepare. the Hamiltonian for a perturbation analysis by Lie methods. 7 -8
For the six-dimensional phase space of a charged particle in a -+-+ weakly inhomogeneous magnetostatic field B(x), we choose the following -+ "guiding center variables": X, g.c. position; P, g.c. parallel momentum;
~, magnetic moment; and e ,gyrophase. These are related to the particle position ~ and velocity -+ u as follows (with m = C = e = 1):
where is the field of unit vectors parallel. to the magnetic field lines. The gyrophase e is measured relative to a set of local perpendicular unit vectors. The expressions (1) are regarded as transformations -+-+ -+ from the particle variables (x,u), to the g.c. variables (X,p;e,V);
higher order terms are available but not given here.
The guiding center variables are noneanonical, . i.e., they do not _(af l8.
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This formula is important because the ~onvective derivative of any function can be expressed as its P.B. with the g.e. Hamiltonian:
-+ H(X,P;).1) (4) . is an averaging transformation,whose purpose is to eliminate the 8-dependen~e of the Hamiltonian. This is effected by Lie transforms, a novel feature of whi~h is its extension to non~anonical variables.
Note that the
The g.c. formalism thus provides us with an "unperturbed problem"
to which is added an e.m. wave as a perturbation; to this problem we now turn. In plasma physics, radiation-induced processes account for many significant phenomena, such as parametric excitation, suppression of instability, profile modification in laser fusion, r.f. endstoppering in magnetic mirrors. Physically, these processes involve the concept of ponderomotive force, the nonlinear force arising from the beating of two high frequency waves, or of one wave with itself.
A consequence is that particles are expelled from regions of high radiation intensity (or attracted, in the case of a neg~tive ponderomotive potential). Since the e.m. perturbations are usually localized, and the static fields are nonuniform, the need arises for a local description;
this is accomplished by the Hamiltonian techniques just described. We shall derive the ponderomotive Hamiltonian for a particle in an e.m.
wave of fixed frequency, arbitrary polarization, and with spatial modulation of amplitude and wavevector; the magnetostatic field is " ----.-.-nonuniform, as~eJQI"e. ___ -We-t-hen-apply-the--res-ult to the containment of particles in a mirror field.
-+-+ . 1-+-7 -+ -7 -+ 2 -+
The canonical Hamiltonian is H(q,p;t) = Z[p-AO(q) -A 1 (q,t)] + ¢O(q),
where AO(q) and -+ ¢O(q) are the static vector and scalar potentials, and A 1 (q,t) is the e.m. wave in the radiation gauge. We make the [w-iQ(X)-k ll (X)P] 'w-iQ(X)-k ll (X)P
In forthcoming c.ommunications we plan to apply this formalism to study plasma kinetic theory and nonline'ar wave interaction. (8) 
